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UV LED CURING ASSEMBLY 

This invention relates to curing assemblies such as are used 
in the printing and coating industry for the fast curing of inks 
and the like on a large variety of Substrate materials. During 
the curing process, the Substrate is moved in a path beneathan 
elongate radiation source so that a coating on the Substrate is 
irradiated by radiation from the source to cure the coating in 
a continuous process. The Substrate may be continuous or 
comprise multiple sheets which are fed past the source in 
Succession. 

It is well known to cure inks on the substrate by application 
of ultra-violet radiation from one or more medium-pressure 
mercury vapour ultra-violet lamps. It is also well known to 
provide each lamp in an assembly with a reflector which 
includes a reflective Surface partly Surrounding the lamp for 
reflecting radiation therefrom onto the substrate. The reflec 
tive surface has a concave profile which is commonly ellipti 
cal or parabolic, the lamp being mounted on the symmetrical 
centre line of the profile and adjacent the apex. 
The reflector increases the intensity of the radiation 

received by the curable coating. The penetration of the radia 
tion into the coating is an important factor in curing and, 
whilst penetration varies with different colours and materials, 
the higher the intensity, the better the penetration. 
One drawback of mercury lamps is that they generate large 

amounts of heat and IR radiation which can damage the 
Substrate being cured, for example by warping and/or distor 
tion. A further disadvantage is the slow start up of mercury 
lamps which can take one to two minutes to reach the oper 
ating temperature. As a consequence of recent years there has 
been great interest in using UV LEDs as the UV radiation 
Source for curing applications since the performance of UV 
LEDs has increased to the point where they are a viable 
alternative to mercury lamps. 

However, UV LEDs themselves have problems, one of 
which is the ability to focus sufficient radiation onto the 
Substrate being cured. There are many printing machines in 
use where the distance between the radiation source and 
substrate is in the range of 30 to 50 mm and some where the 
distance is 100 mm. Thus it is necessary that the radiation be 
provided effectively across a gap of at least 50 mm. 

It is known to use a reflector with UV LEDs of a similar 
form to those employed with mercury lamps. However, this 
does not provide sufficient radiation intensity at large gaps 
Such as 50 mm. Light intensity at a distance is also a problem 
with known systems where either the LEDs are provided with 
individual lenses or the LEDs are arranged in a row and a lens 
provided for each row. 
The present invention provides a curing assembly compris 

ing at least one array of UV LEDs, a reflector with an elongate 
reflective Surface partly Surrounding the array and having an 
opening for emission of radiation towards a Substrate Sup 
ported in a position to receive radiation emitted through the 
opening for curing a coating thereon, and a lens between the 
array and the opening. 

It has been found that the combination of a reflector and a 
lens enables efficient generation of an intense beam of radia 
tion even at high source-Substrate distances. The combination 
makes for a very compact an efficient optical system. 

In one preferred embodiment the reflective surface has two 
focal points and the array is located at one focal point and the 
Substrate Support position at the other. This produces good 
focussing of radiation from the array onto the Substrate Sup 
port position. However, direct rays which are continually 
diverging do not come to the reflective surface focal point. 
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2 
The lens is provided for these direct rays and preferably it and 
the reflective surface have a common focal point at the sub 
strate Support position. 
The reflective surface is shaped and positioned to maxi 

mise reflection of radiation which does not pass through the 
lens and to minimise the amount of radiation which is 
reflected back onto the lens. The reflective surface can be 
designed to meet these criteria in the form of an ellipse or an 
aC. 

The lens may be a cylindrical rod. Alternatively the lens 
may be a rod of semicircular cross-section which may be 
arranged with the curved face adjacent the array. In either case 
the rod is preferably formed of quartz due to its high refractive 
index and good transmission of UV light. With both alterna 
tives the lens is simple in form and cheap to provide. 

Alternatively the lens may be a convergent lens arranged to 
focus radiation at the substrate support position. The lens will 
be ground or otherwise shaped to function as in a pair of 
spectacles. Whilst this is a more expensive option, it can 
produce great efficiency of curing. 
The LEDs may be arranged in a pattern with LEDs in outer 

regions being closer together than the other LEDs. There may 
be a central region where the LEDs are rotated relative the 
other LEDs, preferably by 45 degrees, and/or the LEDs in the 
central region may be spaced further apart than the other 
LEDS. 

In one embodiment the outer regions may comprise two or 
more rows of LEDs and there may be an intermediate region 
between each outer region and the central region where the 
LEDs are arranged in staggered rows. 
One problem with the use of UV LEDs is overheating of the 

LEDs as they are driven at high current. Commonly the LEDs 
are only 25% efficient with heat accounting for the other 75%. 
Another is the inevitable UV drop off that occurs at outer 
regions of the array, which is often referred to as the “end 
effect. 
The preferred pattern overcomes these problems. The 

closer positioning of the LEDs or dies in the outer regions 
offsets the “end effect”. Making the spacing of the other 
LEDs higher leads to better thermal heat transfer and a 
reduced heat effect from one die on adjacent dies. The rota 
tion and spacing of the centrally positioned LEDs allows for 
circuit tracks to be laid and provides for maximum heat trans 
fer efficiency in the centre. 
The array pattern has a packing density which is between 

15 to 50%, preferably between 20 to 38%, the packing density 
being defined as: 

Area of dies 
Pitch area between dies x 100% Packing density = 

The “pitch’ is the distance between the centres of adjacent 
LEDs. The “pitch area is calculated by multiplying the pitch 
in the longitudinal direction of the board by the pitch in the 
width wise direction. The “area of dies' is calculated by 
multiplying the die width and die length which with square 
dies will be the same. 
The LEDs are mounted on a circuit board which may be 

water cooled. Water cooling can be achieved by use of one or 
more blocks of material with good heat transfer properties, 
Such as copper, in conjunction with a manifold though which 
water is continuously circulated. 
The invention will now be further described by way of 

example with reference to the accompanying drawings in 
which: 
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FIG. 1 is a perspective view of a curing assembly in accor 
dance with the invention; 

FIG. 2 is an end view of the curing assembly of FIG. 1; 
FIG.3 is a plan view of an LED array suitable for use in the 

assembly of FIG. 1, 
FIG. 4 is a plan view of another LED array suitable for use 

in the assembly of FIG. 1, and 
FIGS. 5 to 7 are ray diagrams illustrating the operation of 

the assembly of FIG. 1. 
The curing assembly 2 comprises a reflector 4 preferably 

made of extruded aluminium and formed of two reflector 
elements 6 each secured in place between a flange 8 and a 
support 10 by bolts 12. The reflector 4 provides a reflective 
surface 14 which in the form illustrated in FIG. 2 is elliptical. 
The full ellipse is show in dotted outline at 16. The ellipse 16 
has two focal points, an upper focal point at which an LED 
array 18 is positioned and a lower focal point 20. 
The assembly 2 includes a substrate Support which posi 

tions a substrate at the location indicated by line 22 which 
extends through the lower focal point 20. Alternatively the 
Substrate Support could be separate from the assembly and 
could be, for example, the curved impression cylinder of a 
printing press. 
A lens 24 is supported by end plates 26 between the LED 

array 18 and the substrate support position 22. The lens 24 is 
shown in the figures as a cylindrical rod but could take other 
forms including in particular a rod having a semicircular 
cross-sectionarranged with the curved Surface facing towards 
or away from the LED array 18. A further alternative is a lens 
which is ground or otherwise shaped to make it convergent. 

Whatever form the lens 24 takes, it is arranged such that its 
focal point coincides with the lower focal point 20 of the 
ellipse 16. 
One preferred form for the LED array 18 is illustrated in 

FIG. 3. This has square LEDs 28 mounted on a circuit board 
30. In the embodiment of FIG. 3 the LEDs 28 have a width 32 
and a depth 34 of 1.07 mm. In the two rows 36 at each end of 
the board 30 the longitudinal pitch 38 is 2.10 mm whilst the 
lateral pitch 40 is 1.70 mm. There are then two regions 42 one 
on either side and separated by a central region 44. The LEDs 
28 in the regions 42 are arranged in staggered rows. The 
transverse pitch 40 remains 1.7 mm but the longitudinal pitch 
46 is increased to 2.6 mm. The LEDs 28 in the central region 
44 are reoriented by 45° with respect to the other LEDs 28 and 
the space in between them is slightly wider to allow for circuit 
tracks to be laid. 

The packing density of the LEDS28 in the outer rows 36 is 
31% whilst the packing density in the regions 42 is 26%. 
The close packing of the LEDs 28 in the rows 36 compen 

sates for the drop off which is found to occur in radiation 
intensity at the edge regions of LED arrays. The increased 
spacing of the LEDs 28 in the intermediate and central 
regions 42,44 improves heat transfer and reduces the effect of 
heat from one die on adjacent dies. The rotation and spacing 
of the LEDs 28 in the central region 44 also improves heat 
transfer in this region and, as noted, allows for circuit tracks 
to be laid. 

FIG. 4 illustrates another preferred form for the LED array 
18. As with that of FIG. 3, the LEDs 28 are square and 
1.07x1.07 mm. The longitudinal pitch 38 is 2.10 mm in the 
three outer row 36 whilst the lateral pitch 40 in those rows 36 
is 1.45 mm. The LEDs 28 between the outer rows 36 are 
gradually spread out to a longitudinal pitch 48 of 2.6 mm. The 
packing density in the outer rows 36 is 38% whilst the pack 
ing density therebetween is 32%. The embodiment of FIG. 4 
which is more closely packed than that of FIG. 3 is possible 
with a more thermally conductive circuit board. 
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4 
In the embodiment of FIG. 3 there are 192 LEDs 28 on a 

board 30 with a length L of 60.00 mm and a width W of 19.70 
mm whilst in the embodiment of FIG. 4 there are 200 LEDs 
28 on a board 30 with a length L of 60.00 mm and a width W 
of 19.70 mm. 
As shown in FIG. 1, there may be multiple arrays 18, four 

in the illustrated embodiment, one of which is hidden from 
view. The array or arrays 18 are powered and controlled via a 
control driver 50. The LEDs 18 generate significant heat and 
cooling is therefore required. In the illustrated embodiment 
this is provided by a water cooled copper block 52 which is in 
thermal contact with a manifold 54 provided with passages 
for circulation of cooling water. 
The operation of the combination of the reflective surface 

14 and lens 24 is illustrated by FIGS.5 to 7. These figures, like 
FIG. 2, show the overall profile of the reflective surface 14. 
The reflective surface 14 is shown in FIGS. 5 to 7 as a series 
of flat regions angled towards each other but this is for illus 
trative purposes only. 

FIG. 5 illustrates the path of the UV light from the reflec 
tive surface 14 alone whilst FIG. 6 illustrates the path of the 
UV light through the lens 24 alone i.e. without any reflection 
from the reflective surface 14. As FIG.5 illustrates, the reflec 
tive surface 14 is arranged Such that the rays combine at the 
substrate support position 22. FIG. 6 shows that the effect of 
the lens is to generate a column of high intensity radiation. 

FIG. 7 illustrates the path of the UV radiation with the 
combination of the reflective surface 14 and lens 24 of the 
assembly 2. The result of that combination is high intensity 
and efficiency even when the Substrate Support position 22 is 
at a significant distance from the LED array 18. 
The reflective surface 14 is arranged to maximise reflection 

of the rays and to minimise the quantity of reflective radiation 
which passes between the lens 24 and the array 18. 

It has been found that an elliptical reflective surface 14, as 
illustrated in FIG. 2, gives optimum results but that it is 
possible to achieve a high proportion of desired reflection, up 
to 95%, with an arcuate surface. 
As discussed above the lens 24 is in the form of a cylindri 

cal rod. This produces very satisfactory results but even better 
focussing is possible with a shaped lens 24 although this is at 
a COSt. 

The assembly 2 allows use of UV LEDs where the radia 
tion needs to be transmitted over significant distances such as 
30 to 50 mm. This is achieved with an assembly which is 
compact. The design enables even and high UV intensity 
output. 
The invention claimed is: 
1. A curing assembly comprising an array of UV LEDs, a 

lens, and a reflector, the reflector being formed as an elongate 
reflective surface partly surrounding the array and defining an 
opening at a distal end of the reflector opposite of the array for 
emission of radiation towards a Substrate Supported in a posi 
tion to receive radiation emitted through the opening for 
curing a coating thereon, the lens being positioned between 
the array and the opening defined by the distal end of the 
reflector, the lens and reflector being configured such that a 
first portion of an emission of radiation from the LEDs is 
reflected by the reflector and passes through the opening 
without passing through the lens and a second portion of the 
emission of radiation from the LEDs passes through the lens 
and through the opening without being reflected by the reflec 
tor, and a third portion of the emission of radiation from the 
LEDs is at least one of scattered and reflected by the reflector 
and passed through the lens and is consistent with a leakage 
amount; wherein the first portion of the emission of radiation 
from the LEDs is greater than the third portion of the emission 
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of radiation from the LEDs; wherein the second portion of the 
emission of radiation from the LEDs is greater than the third 
portion of the emission of radiation from the LEDs; and 
wherein the reflective surface and lens have a common focal 
point at the Substrate Support position and the first and second 
portions of the emission of radiation from the LEDs are 
combined together at a focal region at the Substrate Support 
position. 

2. A curing assembly as claimed in claim 1 wherein the 
reflective surface is shaped and positioned to maximize 
reflection of radiation which does not pass through the lens 
and to minimize the amount of radiation which is reflected 
back onto the lens. 

3. A curing assembly as claimed in claim 1 wherein the lens 
is a cylindrical rod. 

4. A curing assembly as claimed in claim 1 wherein the lens 
is a rod of semicircular cross-section. 

5. A curing assembly as claimed in claim 1 wherein the lens 
is a rod formed of quartz. 

6. A curing assembly as claimed in claim 1 wherein the lens 
is a convergent lens arranged to focus radiation at the Sub 
strate Support position. 

7. A curing assembly as claimed in claim 1 wherein a 
portion of the LEDs in an outer region of the array are 
arranged in a pattern, and the portion of the LEDs in the 
pattern of the outer regions of the array are closer together 
than the other LEDs. 

8. A curing assembly as claimed in claim 1 wherein the 
array defines a plane and a group of LEDs in a central region 
of the array are rotated relative to another group of LEDs of 
the array within the plane defined by the array. 

9. A curing assembly as claimed in claim 8 wherein the 
LEDs in the central region are rotated 45 degrees relative the 
other LEDs. 

10. A curing assembly as claimed in claim 8 wherein the 
LEDs in the central region are spaced further apart than the 
other LEDs. 
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11. A curing assembly as claimed in claim 1 wherein the 

LEDs have a packing density of 15% to 50%. 
12. A curing assembly as claimed in claim 1 wherein the 

LEDs are mounted on a water cooled circuit board. 
13. A curing assembly as claimed in claim 1 further com 

prising a Substrate Support for Supporting a Substrate in a 
position to receive radiation emitted through the opening. 

14. A curing assembly as claimed in claim 1 wherein the 
LEDs have a packing density of 20% to 38%. 

15. A curing assembly as claimed in claim 1 wherein a 
group of LEDs of the array arranged at peripheral edges of the 
array have a spacing therebetween that is less than a spacing 
between another group of LEDs of the array arranged in 
central regions of the array. 

16. A curing assembly as claimed in claim 15 wherein the 
LEDs arranged at the peripheral edges of the array and the 
LEDs arranged in central regions of the array have a packing 
density of between 15% and 50%. 

17. A curing assembly as claimed in claim 15 wherein the 
LEDs arranged at the peripheral edges of the array and the 
LEDs arranged in central regions of the array have a packing 
density of between 20% and 38%. 

18. A curing assembly as claimed in claim 1 wherein a 
portion of the LEDs of the array that are arranged at longitu 
dinally opposite ends of the array, generally extend in a direc 
tion between the distalends of the reflector across the opening 
and have a spacing therebetween along the length direction 
that is less than a spacing along the length direction between 
other LEDs arranged in central regions of the array. 

19. A curing assembly as claimed in claim 18 wherein the 
LEDs arranged at the peripheral edges of the array and the 
LEDs arranged in central regions of the array have a packing 
density of between 15% and 50%. 

20. A curing assembly as claimed in claim 18 wherein the 
LEDs arranged at the peripheral edges of the array and the 
LEDs arranged in central regions of the array have a packing 
density of between 20% and 38%. 
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